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Abstract 



PROBLEM TO BE SOLVED: To reduce the crystal defect density of dislocations, laminate defects, 
defective tubular holes, etc.. by forming a desired element structure on a nitride compd. semiconductor 
layer Involving a first region having vertically extending through-dislocations and second region released 
from the dislocation, other than the center part. 

SOLUTION: On a sapphire substrate 20, an Si02 mask 21 having openings 21a of 2 &mu m in 
diameter at spacings of 10 &mu m is formed, the sapphire substrate 20 with the mask 21 is introduced 
in a region chamber of an MCVD apparatus, then thermally cleaning is made to remove moisture and 
natural oxide film, a GaN buffer layer 22 Is formed on the sapphire substrate 20 with the mask 21 . and 
the substrate temp, is raised after growing the buffer layer 22 to form a GaN layer 23. From the 
sectional TEM observation, the through-dislocations 25 locate only approximately at a central part of the 
Si02 mask 21 and the crystal defect little exists at other parts. 
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Kg 3 7^?f^^LfCo 

[0 0 7 2] SffiiaS^7 4 0t:^T*K^iaL. 

TMGOafifi9 c c/^^-^i: TMKDmit 
4 0 c c/5>. 3 0 c c /5>^2^S(c:^ t) 
r<b{Cj:«:}. I nG a N?^f&t^^3 S^rJi^^LfCo ^ 
I nGa N^fi&tt;i3 8ti. 3 >l?i-0 I n 0. 2 G a 0. 8 N 
2 nm) ^WSt I no. 05G ao. 95N (J?$ 4 n 
m) IWMg;6^'b^5#«S:^#F (MQW) fflPig^^f 

[0 0 7 3] I n G a N^^^i^il 3 8 ^m^^^. SSlg. 

1 0 ox:jc#^-r5o sstas^^s 1 1 0 ot: 

0. 5 --^•9#;t. G a N7fe^-r K/i 3 9, p 

MA 1 G a N^jjSaA® 4 0 (i?^0. 2 5 /i m) , p 
SGa N=i>^i^^ h®4 1 (i?$0. 3Azm) C^O 
ll|lT-?g^i-5o pS^A 1 G a Nm^aA^4 O^S^CD 
p^h'^y<:y hf^MC P2 MgcOWi^Mit. 2 0 0 c c 
^ pMG a N=3>^^ |.g4 1 (^^:i:^COC P2 M 
g(Dm^&it5 0 c c tLfZo pmG a}^=^>^^ hm 

39. SL/^}-) <7);t^^§ltSg!#«?^L, SffiiaSSri 
^m^\^tZo fib. T>^::iTOtt«&Ji. S«rRS7)5 3 
5 O'CfCilLTtl^.lCif ih L/i. 

[0 0 7 4] ti.±(o;^&T-f^^$ix/::mil:«3^^**^u 
— ifffl^SIKIwOV>T. ^®^7^a v?<7)a|gSr^To/■- 
ffiSigm^SJS^ (TEM) m^^ffo/Jii: MQ 
wmitSr^-rS I n G a N^.fStt^fflSlCIl, 'KfSi}i(D^ 

/t. ^^M't^OSiieffiSatl, ^^6x10^ cm'^cb 
[0 0 7 5] JeJl±o|g^$r. t£3t5&Jc:J:5 



it(7) I n G a N7^St$^{c:i^V^T. M Q W«it7!i^56S ^ 

[0 0 7 6] ^/i. nSGaN 

-^tT^-hSJlCT i /A 1 d^ic>^5n{|iJS«4 2^Ji^^ 

N=iVi?^^ 1 ±(C(i^2(^9^^0fca6 S i O2 ^ 4 

3 ^i^S^fi^Clff^^L. ^CDS i O2 S4 S^U^pSiG a 

l{^f7^l.fz^ 350AimX500M mi?:);k:tr $ 

5. «:^4 1 7 nmT^?g.iS^^Si"r5r <h;0^5S^.^H 

tL. ^^ioiif^mi±fi4. 5v. Ltv^MmSfc«S^i 

1. 5 k A/c T-foo^Co 

[0 0 7 8] t¥*feTf^^£LfcGaN^^2Sf*:u-if 

h\^-^^m,'r^m^<D^t-Ao%^&x^^ . t.fz\y 

[0 0 7 9 ] zn{C>PtL*:^5Sff^figT'li. iiiePo^li.'^.;6S 
[0 0 8 0] :*:||j5£?f^BlT'{iU-if {-oi^Tl^B^ 

[0 0 8 1 ] (ms (D^mmm) m 3 <oiiJs?f$teT-(i. 



ICG a N (2 Ai m) . Xl^C aA!N (0. 3 ^ m) / 
GaN {2/im) L f-SffiiiZff^fiSt-f 

[0 0 8 2] * "f , ±ieo5ffi±iC 1 0 /i miSO S i O 
2 -^^^ G a N3^(1G a A 1 N®(7) a W < 1 1 - 2 
0) <hSii::frf^ (1-100) \z^ 2 ^ mF«^RiT-;^ K t 

ilCMOC VD&iCi: , 5-5 0 ;i m<7)G a N®«r^£ 
teS^JX^. t,fz. KrSSiim^^S'^M (TEM) 1^^ 
[0 0 8 3 ] CCOJ: 9lC^iBt£;6SacS^n. Kil^fe^ 

:^ii6(cfS]±L. m2<ommmmx7fkLfzi — ^tmm 

[0 0 8 4 ] /.^^D. *:^5S?F^fllT-liu-if|coV>-CI5^0^ 

[0 0 8 5] (m 4 (ommmm) m e :^^m(om 4 

[0 0 8 6] *^iS?f^flgo^^ft:u— tfcof^^:^fe^. 

02 ^Ti02 ^^h^^^mm^m^^zx^mmi^xi^ 

nXl^fj:\^^^K Wi'^O. 5 ;xmOBaPa57!)5 5 O^imWfiS 

[0 0 8 7 ] i^y.T<D u—fm^m^mm(Dm^i:XMo c 

VDm\zX^i^jS.LfZo -^^^^ 5 1 ^?fMLfc1f 7T-f 
rSffi5 0JbtC, GaN/<';/:7r® (iKl^-ttr) ^^2^ 
m^S^tl^o ^(D±mzS i ^ h'-yLtzn^G a N 

m^X. -^(D^miZS i ^ K-:/L7ti?^ 0. 2 5 
ct:* n S^G a 0. 8 A 1 0. 2 Nm?7^aA® 5 4 ^;ic:^-r^o 

[ 0 0 8 8 ] »:l.^-r\ 0. I ^ m<D I no. i G a 
0.9 Nf£f4® 5 5<Sr^SL. ^<7)±IFC(CM g $r K— L 

0. 25/im(Op§^Gao.8Alo.2 NmnSziA 
^56, n mC a 0. 8 A I o, 2 Nm/jiL>^^/g 5 7 ^Wlg): 



N :3 >^ 5 8 ^^:g:-rOo p^GaN=^>l^^h 

$f>tc. pS!G a N3>^^ hS5 80l5l3c±®iCS i 

02 tT i 02 ^^h^^^mm^mmizx^mm-r^o 

?f^4;^{::;(jDXL. m 1 oKM^ 5 9 ^f^^S-foo -b- 
:7T><TS1g5 o±lcjg^$tL^s i 02 t T i 02 

[0 0 9 0] }^y.±(DX o^^ifj&^tifzi—^m^mmco 

[0 0 9 1] ^±(DXo\zi^^Lti^mi^i^—*^i:^'- 

Sft 3 8 0 nmT'^2aiS^^fii;655fem^tL/Co Z(Dm(D 
L#V^fiEII5St:i9 5 mA. Sdf^liJEIt 4 . 6VT'*i>o 

[0 0 9 2] ^mmwm\zx^m^^m^^mi$^l^—^x* 

Ji. S i O2 i:T i O2 /i^ib^^^gl^^-^^^i^ 5 1 <i: 

$ii:^o ^mmmmiz^^mhixfzi-—^m^mm^<D 

[0 0 9 3] ^/i. '^^mxit^ ^y^m^xf&^m. ^ 
\zmffs.i&7^m t LTffiv^^G a A I Nm\z^\^^xmm^ 

h LTffiV>fcS i O2 T i O2 Ji^^Jb^^ ^^M^^tt 

[0 0 9 4] {.m^cnnwrm^ mi\t.. *:^p^<ds5 

[0 0 9 5] nS->y =>>5S6 0IC1?$ 1 0 0 

nmO?RKfkS i O2 1 ^, fRBefb^^f^T-ff^figi- 

5o ^^^X. Z.iX\Z\y'y7^V^mM\^. ii^tO^gg^tfe 



6 1 a ^ff^^-f^o wixicj:*). '>y =f :/Sffi6 0$rS 
ttJ$-ttr::S. l^v^>^ h$rl«^i-5o wOSffi^MOCV 
DSgBi^icAn. S i O2 116 1 755^«L/<^v^J: 9*::. 
1 0 0 0*CT- 1 0^m<r>^—7)Vi; V -- :x^$rtT 

[0 0 9 6 ] 2. 0MmOnSGaN=i> 

it^f^5. COn§!G a N^^V^^^i^ 3I^S i O2 

^0. 2 5 ;z mOnSA 1 G a N^Se^A^ 6 4 . 
0 . 1 I no. 25G a 0. 75Nf§tt^ 6 5 . i?^ 0 . 

2 5 ^ m<^> pSiA 1 G a N^ffi^A® 6 6 . 0 . 3 

MmOpSGa N=i>'^^ 6 7 Z,<Dmxm^-r 

[0 0 9 7] MOC VD^®;!)^'bfi*9 tBU/-C^. y 

>^mme o(Dmm\znmm.me s^mmxm^-r^o ^ 

pSG a N=i>':$'^ 6 7 0^®^)tS^T'^<i5^ 
5o ft^ic. pS^K-evi/Lfc^cof^i^^bi:. p^, 

[0 0 9 8 ] ^Ji(^*-feTf^^ Lfc^Tfe^-f Kicii 

.^.t-h^o ^fz. =^>mm±\zi^(bti^^m^m<D 

[ 0 0 9 9 ] imecommj^m) ms\-t. :^^^^come 
<D'mmmm\zghf:>h':^^'yyyifRmm (dbr) 
-^(Dm^m^M^Tj^-rm^mxh^o 

[0 100] ^-f. f-^r-rrsss 0±{cMOCVD 

^dct «9{g:iaG a N/<'y y^T^8 2^^:i:L. ^^±35 
(Cir > K-:rG a 8 3 i^^S-rSo m^X . n 

MC aN^>^^ h;i84. n§}A 1 G a NSiT^^A/l 
8 5. nftilG a N3t;^-I' KJi8 6. ^Sfi^^F (MQ 
W) «5t^^1-^ I nGa NSSttiiS 7. p{|i]GaN 
^:^^h'mSS, pMA 1 Ga NmSSiiASS 9. pM 
G a N3>'^^ hg9 0$rC<O|i|lT'S!cSL. l^— riCjgf* 

[0101] ±IE#®m5tOU--tf{c<^^ Un^l/^-giigc 

nSG a N=2>^^^ hS8 4iCit-r^^T- K^-f ^ 
•y^^^fetcj: i9M^5feLyt'^. IRC VDteT'®e*i:>^v' 
7>'^§t#^:;i^;^<l: LXm^ 5 0 n mCOS i O2 K 9 1 $r 



^>^L. f^:iK<om (mow 9 1 a ^rW^'SS i O2 
-7:^^ 9 l^BtSL-rho Z<D^§^. -<D«9 1alCGa 

[0 10 2] Z<Dm. f}UJl^(Dm^z:nXfMOCVD'& 
gf^lC^L, y >^h*—Zf<OG a NmS 2^ I 0 0 nm(D 
/?$lcS^S$-ti:5e wOGa 9 2ll^i^•^;^^5^-e 
^-f*5o nSG a NJi 8 4 i: nSA 1 G a NS 8 50# 

m<oi/s^m^^=^y'f->is^L. z(Dmmznmmm9 3 

pMG a NS9 0O±{;:pSm8i9 4 ^-^ix-eixfl^ 

[0 10 3] :: 9 LTf^^L)tii^S*U'-iflC«SE2iA 
L7-ci::z^. 4 2 0 nmCQ^^IC^fefbLfcL — -f^tt*^ 
mmxttio G a N^26SS9 2CD{|iJai{Cfi. 4 2 0 nm 
ii^os i O2 (Oy^ hy-^fy-^:^^ 9 1 ^*^^^i-^tz 
ab. ^i6SSrtlcAofz4 2 0 nmJ^^COKS^itofc^ 
fiS:St^i^'9iSLTl/K 9 •^,(C^gSLTl'K o Z(Dtz 

[0 10 4] U-if^^^^fi^^^Sr^Md. 4 

2 0 nmilfflOS i O2 ^ h 7 LTiStt . 
|5l1^t7>*-ifeT*ftttSOT{-j^S^4 2 0 nmO(H]Jff*&^^ 
l^o53^:m«ilS (DFB) U-i^'^f^^-r5:l<^: t^tg 

[0105] J^±. ±iE^ 1 ib^W. 5 oHiSff^fiir^ii. 

^(CS i O2 i O2 S:^v^fc®'g^{:lol^TS^0J 

L/c;ii^ s i 02 , T i 02 (omz^ mtm^it^m^ 
mw(Df$.3:m.&x^^ 1 0 0 orj[u±o?agT-»^tti^ 

0iJ^ LT I n2 O3 . T i N, A 1 N. S i Nx , 
WNx ^TjS^tf en^o ^/l. \ 0 0 0°CVJ.^(Dm^X 

[0106] ^m^P(^(DnWi'&(D^\.^mm^-^ :^ ^ 

[0 10 7] ^fz. mBm^(Dm^'un^'^ ^ t lx 
tLxmBm^<^m^^i>(o^m^^^zt\z^^^ sscsic 



[0108] J[^±<oi: 9ic. ^^(^)4#m^S7i>^t/i-7^ 

[0 10 9] ^tz. ±mmmmxitf&S:m&tLx. 

^Mg A 1 2 O4 ^OSffiS:ffiv^-5C<!: tT'#5o 

[0 110] ^bci. 

mm^>:km\zmmi-^^^ ^^^m 

[0111] m? (ommm) la 9 . lii 1 0 
(om 7 (Dm^mmzmt>^mit^m^m.i^ 
i-^tzi^<Dmx\ m9itm^m^ikmmm. mioi-x-^^ 

[0 1 1 2] Igl9lcioV>T. 1 0 1 lii^:7r-rTSffi. 
1 0 2li-^>^i5^ <i: LTfOS i O2 ii (0. 3 Mm) . 1 

0 3 lir > K— >^G a (3/im) . 104Jln-G 
aN=^:yi^ ^ hm is i h^—y, 5X10^^cm"2, 3 
A£ m) . 1 0 5 l^n — A 1 0. OSG a 0. 92N ^ 7 :y KJl 

( S i K—ZT*, 1 X 1 0 c m~^, 0 . 8 ;i m) . 10 
6*in-G a N^ffiS (S i K— ^, 0. 1 m m) . 1 
O7(in-Alo.2 Gao.8 N y 7":^— >^ a — 
BSihS ( S i K— T'. 1 X 1 0 c m"3, 2 O n m) . 

1 0 Snf^\±mXh^, f^^m l O Sli. I nG a NS 

(r V K— 7". Ino. 2Gao. sN, 3 n m) 
SSir^nSr^tf I nGaNB^g (TVK-T^, I n 
0.05Gao.95N, 6 n m) 75^ lb 5S^#F1lli§ (SO 
H-MQW) t^j:<:>X\^^^^ 
[0113] ^ bIC, 1 0 9 (ip - A I 0. 2 G a 0. 8 N 

])r^—y<—yx3'-^±m (Me ixio 

c m"^, 20nm). llOfip-Ga N^i^g (M 
g h^—y, 0. I ^ m) ^ lllfip-Alo. OSG a 
0, 02N ^ y y (M g y^. 1 x 1 0 c m"^, 
0. Sum). 1 1 2lip -G a N=i>-^^ (Mg 
K— 1 X 1 0 c m"^, 0 . 8 M m) . 1 1 3 (± P 
t (10nm)/Ti (20nm)/Pt (30nm) 
/A u ( 1 /i m) WitCO p ffiijmil. 1 1 4 A 1 XT i 
/AuWitOnftiJSH. 1 1 5JiS i O2 Ifei^mT*^ 

(^©Ic^^t) imr i O2 / S i O2 ^^SCiffiJiL 

[0 114] l2 9T-7r-r«itOS!iit:^fefi. ^:JLTOiii9 

-c^5o ^-f , -^yy^rm^ 1 0 1 m 1 0 

(a ) (C;T^-rJ: OlZ, CVDmxmf&LfzS i O2 ® 1 
0 2\z:^^mizmaLtz-^y^i^^miS.'t^, :10s iO 
2 '^:^^<r>mmRXJ^izt^<r>^a. ^yr^rmmi 0 



1 <t T> h' — yc a N 1 0 3 (T^fe^^g^tD 1 %J^T(t 
L. ^mitT> K— >^G a N I 0 3(D <1-100) ;^ 

[0 115] Kk^^V. 2 0 Ot:ST-#i£ 

LT. -^/U^ 'J— ri^^^S i O2 -^^^^ 1 

mzXKl. 3 5>P9^G a N^^Sr^o ^V^T. iSg^r 1 
lOOriC^i^L. 1 ^KT> K-y'G a NJl 1 0 3 ^ 

a N;i5 5 0 ot:T'(i*^;?{^^SL. 1 1 0 ot:i::^ia 

'r5::i:T7^^liiit^^OGa N;i^JF^^$n^. ^^i/^T. 3 

:^{^i,zvr-y/i^^m*^m'^\^. 1 B^rpr^ciii^ia/^r ^- 

K-T'G a NH 1 0 3 2)5jf$^$fL5o 
[0 116] J; ^?i^*Slcai-<ix»l\ -^;^';^g3PmSicga5 
-r5i^:7r-i'Tgt5i 0 1 (7:)^®7^i-<b^i?^- h LfcScffi 

It. I 0 2<Dm^{zr:^<>xm^^izBimi.. -^^ 

t^i^Lx. mmmitL^mf^'t^o g a 103^5^ 
^-r^izm\ siiSsffi(iJiic»u^5 75N m:^^\zmjs, 
^ti^mmt. »imz<};^fj:<fj:Kf. h^m^i^j.±<Dmm 

1^. G a 1 0 3C0 — ^JS^l^JiCO^^ICKi. -7;^^:^ 

[0 1 1 7] ^/c. C VD?feT'Jf^^LfcS i O2 if 1 0 
2q^(w(i. TK^g^J^OS i (D^^±±0^!^t^^^mz:i^ 

v^^gT*T::^-y >'^/^^T^^/^l^<^. mit^m^mw^^ 
\Z'^^m^j:T>^=:.rtf:^{zx «9 s i N ^m^mt i^tzm 

S i O2 ® 1 0 2 t^MI"JtC^:R LT 

[0 1181 2fcV^T\ ^^cLSkS^-t-fiZ^ n-G a N3 
>i5^^h^l04, n-AlGaNi?^^';/K^105, 
n — G a N^ftii 106» n-Aio. 2Gao. 8N=^r-^ 
y T::^— x<— :7o— B5ih/i 1 0 7, MQWf^tt^ 1 0 
8, p -A 1 0. 2 G ao.8 N:35^^ y T:^-— ^'D— 
ihSl09, p-GaNSiS^llO, p-Alo.OsG 
a 0. 02N ^7:yKiilll, p~GaN=3>^^[sgi 

1 2^m».mjs.-r^o 

[0 119] »:V>T\ ±fe0Jiffljg(^-ffl^nSG a N 
^ Vmi 0 4(D^m^X Vy^:^y^>^mz^ 
<9I^.^L. ;^i^5rffML. StiB n §!G a N =» > 

1 0 4<7)^®{Znftijmffi 1 1 4^?f^fi£-f 5o -^fz. 
:^-^(r>m±.m^Xh^ pSG a N=i>^^ hJS 1 1 2 1:1*1 

;^ hT^^^^^copdiim^i 1 s^mr^-r^o :z(om'^. 
^ihi.fzmit^^m-W^m(nm:m\^s i02 ^i i sr-a 

[0 12 01 \^j.±.(D:^mx^fiSi^infzm\t^ih^m-^\^ 



tztZ^. ^tbXW-i^f^^mmfi-%ht\.X\^-tz, ^tz. 
»r®SiaST-aa^ (TEM) Wi^i:rr^fzt:z^. «L 
» m i: ^^T-lS- -5 M Q W«it;&5 f^fig 

[01211 ^\z^ ±m<o^m^^mmi:w^f&\.fz^ =c 

^^Sr. ^iSS&S2)52 5 0 M miw/^5ct 9tc^>y{l:L. 

aA^tTo/::^: ^-5. ffiS4 15-^417 nmT^?g.iI 
iK^S2)55t^$ix:to mi-(OWiY^m.lE\^A. 8V±0. 
3V, Ltl>fflSSftS*S*l 1 . S-'l, 8kA/cm2 
T-feo/Co ^tbC:. ^^>^^F^C0 9 7%Jei±<75^^T'l 0 

0 0 0K5FrB^Jt^Jico^r^ifti^^S;iSfli^.§ix^Co ^ 
7^ 7 /I- ^ S 4r ^ I ^ |53 - if£: » ft u - if f^^ L 7t 
^iij^+OSiieffiSSJll 0^^cm"2^S<5: 
f^< , ^T-i^ibftmEEft 6 . 2V±1. 5V, L#lMS 
m^^Sfl2-'5 k A/c t\^h^^t^:k^<s ^ 

rc^ig.ilJ^^Stbf^ils 0 o^WJeip^r-^ofCo 
[0 12 2] :z<D^o\zi^m:^r^m\^. -^^r^rmm 
101 ±\zy<'^m<Dmoy<^—'^^^i-^ s i 02 -^^ 

1 0 2 ?rJF^^L. Z<D-^:^^ ±{ZG a Nm 1 0 S^'y 

y'^^i-^^t:mmLxwm-r^zt{Z'X^. nmmuL^ 

<DX^(D^p/j:l^M^aW(7:>G a him 1 0 3^?F^^-f-5r <h 

[0 12 3] ^.fib\ :^||JS?i^SgT'(l. (El 10 (a) XTfk 
\.tz,:^'^'m<omuy<^ — i^^^'t^S i O2 1 0 

2^^v^fclJ^^ UlO (b) X7f<-tE.'^m<Dmn^<^ — 

>^^'r^'^:^^^m^^fzm^xhm^(o^^^n^:z 

tt'^XtsfZo ^h\Z^ m\0 (a) X7jk\.fz:^fk'my<^ 

— ^^s i 02 <Dmt \^xm\^^f:.^^. mm\zm\ o 

(b) X7r^\.fzE.fkmy<^ — i^^ S i O2 <oS^ LTffi 

[0124] 8 (D^mmm) mi i ii. ^^m(om 
s<Dmmmmizghio^mit^^^mwi^-^<om'¥'m^^ 

Tj^irWtmmxh^o |g)l 1 ^3^3 0 1 — 3 1 5(1 

l§]9 "^O 101 — 1 1 SdfS^ LTl^5o 

[0 12 5] i^:7T^rSS3 0 i±{cii. ^i cd-^t; 

^ t LTJ?$ 0. 3 ;i mOS i 02^3 0 2a tmiS.^ 
^0±tw/f:$ 3 // mCOT> K— T^'G a 3 0 3 a 

tW^fSL^nX^^^o G a NJi 3 0 3 a ^2(0-^ 
t LTiiC^ 0. 3 um(D(DS i O2 ^ 3 0 2 b t'^m 

fS.^t\.. ^(DAL\Zf^^Z um<DT>V — -:fO aUmZO 

3 b255ff^;*$ixri>'5p 

[0 1 2 6 1 LT. G a 3 0 3 b±(C(i. 5tO^ 
7 0|lte^^fig<b[5l^|l, n-G a N^^'^^ 3 0 
4, n — A 1 0. OSG a 0. 92N ^ 7 3 0 5 . n— G 

a N MH^M 306, n-Alo. 2Gao. 8N=^-V'yr;*- 



—y<—:7 a— R^ih® 3 O 7 . S C H - M Q Wfglt^ 3 0 
8, p-A 1 0.2 G ao.8 N^i- y r^f- — 
ili®3 0 9. p -G a NjSKJS 3 1 0. p-Alo. OsG 
aa02N:^^^-;/ K®3 1 K p-GaN^^^i^'hilS 
12. p{Riim<^3 a3. n{Iijmffi3l4. S i O2 *6Sk 
^3 1 5m^f5^^tlX\^^^o 

[0 12 7] ^mmmt>'-9c(Dm7<r>mmmmt^^i^ 

,"^Ji, S i O2 ■^;^^4rf»JffiL^C7 7^7/Ui7!cSer2[HltT 

[0 12 8] ST. ■t^:7T^rS1S3 0 l±«c. mi 1 

{ZTjk-rXoiZ. CVD&r'?f^^LfcS i O2 il3 0 2 a 

3 0 2 aoii^. ±^^<oitn. ^icommmt 

mm:i. ir7r-rrStS3 0 1 i:r> K— T'G a N 3 0 
3 a CO^&T-^S^CO 1 %J^T^ ^i22(tr > K-y^G 
aN303aO (1-10 0) ;^f^{c:^?Tl-^<^ 5 J: 9 1:1 

[0 1 2 9 J ^SfeV^T^ M^#S^T'l 2 0 OX:ST'#^ 
LTg:KcOi^— -^/^i^ y —=^l^^t S i02 -^^^^5^30 

iassr 5 0 otiST'P^iaL. h y p'^>'u:^y t^^i^^i^r/r 

DfelCj: «9 3 5>WG a N^^ST^o ^V>T. 1 
10 0t:(C#faL. 1 ^re^rv' K— :^G a NS3 0 3 a 

[ 0 1 3 0 1 ^feV^r-. ^SS iO2^302b^CVD 
feT'?g^ L. T > K— ^G aN303aCD <1-10 
0) ^-ffiich^frt::. *i3A/m. J^S« 2 O ^ m<7?::^ h 
>^-7-;^i5^Sr?l^^-t-5p »:l.>T\ g^#SI^T-l 2 0 or 

ST'#?aLT. gffi<7:>-y— -^/u^ y — ^^-^i: s i 02 

3 0 2 bCDT^— y > if ^^^UtLm-.^m^^l&'to 
^com. iaSSr 1 1 0 Ot:*T^TaL. hy;^^/u:<fy 
'>A:3^r/T>'^^r:j5f;^<i: y T;^>^^#tjf^L. 1^ 
fpir > K — T'G a 3 0 3 b ^^:ST^o 
[0 1 3 1 ] 9;v^T^ i^^Ci^Sr^ w ir^Lt::. n- 
Ga N = >t? i5' HJi3 0 4JLU^^?i5^L. iff^^f*:^— T 

02-^^^ 3 0 2 b(7)^ h ^-<^i:¥tf icf 5C <t (cj: 

[0 13 2] l^±<7);^feT'ft^^n/c^{k:i^^^^^Si$U' 

r > K— :/G a Ng3 0 3 a (D'^'-C^ 1 0^ cm 
"^ST-, TV K-T'G aNS303bcl;»9 ±ffl560^SP 
1^T-(1*^10^ c m"2^r'{&i^T-#/--o 
[0 13 3] 

ff^^Lfci-i^^^^^, 2 5 0 /i J: 9 CI 



U— iflcmo^^A^ L/^<b Z^:^4 1 5-4 1 7 n 

8V±0. 2V. L^l/^ftmDitS'Sfll . 5-1. 6 k 
A/c T-foo/::o ^bl-. 3:^np^(0 9 9 %J^±0 
^^■C 1 5 0 0 0NFft^i^il±O^taigjK^S;i55iS$ix 

/to 
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LTi^7T-rT£tgS^^J(c^{f/h;!^^ Si, 
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2) /A 1 G a N (5 13) (O^y" u^^^i^^fzisb 
\Z^ aNmS 1 2(D^^W:\Z-^^i^ t^Ji^S i O 
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y i\-iSL^^^^^^1tM^^7r^-t. G a NO^Sii«-« 
^J^^fflfiSc:^ (MOCVD) IC<tt)?To:rCc Hi 3 
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13(a), (b) tiifeSS!m^^^»^ (SEM) (CJ: 

[0144)12113 (a) T-il, S i O2 -^^^^Ti^T^^t 
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StS. S i Sffi. G a A s SIS. G a Pgffi, G a N£ 
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0) :*rfS]{c:tSl 2 A£ m(OS i O2 -^^^^2 mPn^Rir* 
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tlt)^±C^m^:^^^h^o A 1 G a N/G a N/i^:7r 
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T'fi. «fSmSS«S*i*t) 2 . 3 k A c m"2. tbf^Sffiti 

^^4. SVXh-ofZo ^fz. A 1 G a N/G a N/i^y' 
k A c m"2, ®jf^mS*i*^3. BVXh^fZo 
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a 7 0 5^^S$it5o 
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[0163] ct «9 f^^iCfl. ^^(DG a 7 0 5 (Cifi 
n-Ga N=i>^i^ h^7 0 6. n-AlG 
aN^7yKS707. n-Ga N:^^ Kg 7 0 8 . M 
QW7 0 9. p -G a Njtf-f 7 1 0 . p-AlGa 
NJi711. p -G a N=i:x^i7 hJl 7 1 2;i)^b?t^5 
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(mi 5] mis (b) iC7r:Lrci^>^/^co^®TEM 
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m»m^(DmmSEM^MX^^ . (a) , (b) 
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mi 7] :^^m(Dmi i(onmmmz%^mitm%^ 

m^m^<D)l0im S E M^KT'^ AlGaN/ GaN 

T^r sffijbics i 02 -^:^^^mfS.\^fzWi^(D 
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